glucinol. The mutants did not grow on phloroglucinol but did degrade the compound in anaerobic washed-cell suspensions, producing the same end products in approximately the same proportions as the wild type. It was concluded that the mutants were blocked in a unique step or steps necessary for carbon skeleton or energy synthesis from phloroglucinol and not in formation of an enzyme involved in the pathway of phloroglucinol degradation.
The mechanisms by which microorganisms degrade aromatic compounds aerobically have received extensive study, involving a wide range of substrates and organisms (3, 4, 7) . Molecular oxygen is incorporated into the products of ring cleavage and therefore plays an essential role in these mechanisms. Different mechanisms must be involved in the catabolism of aromatic compounds in systems from which molecular oxygen is absent (18); they are not well known, however, even though the capacity of anaerobes to degrade such compounds was first demonstrated in 1934 (17) . Only a few such anaerobic systems have subsequently been studied in enough detail to allow the postulation of degradative pathways. For example, pathways involving nonoxidative ring cleavage have been proposed for the anaerobic photometabolism of benzoate by Rhodopseudomonas palustris (6, 9) and for the dissimilation of benzoate by a Pseudomonas sp. growing by nitrate respiration (18) . The heterocyclic ring of rutin (12) and naringin (2) is cleaved anaerobically by a rumen strain of Butyrivibrio sp. Other work on the anaerobic degradation of aromatic and related compounds has been done with mixed cultures of organisms from the rumen (5, 8) or from anaerobic sewage digesters (8, 14 Phloroglucinol fermentations were carried out in the 20% rumen fluid phloroglucinol medium described by Tsai and Jones (19) , modified to contain 40 mM maltose and 20 mM phloroglucinol.
Induction and isolation of mutants. Coprococcus sp., strain Pe15, was grown for 24 h at 39 C in 250-ml round-bottom, rubber-stoppered flasks containing 100 ml of BM and 10 mM phloroglucinol. Cells were harvested aseptically and anaerobically by centrifugation in sealed bottles under N2 at 12,000 x g for 10 min at 1 to 2 C and washed once in sterile 0.05 M citrate buffer (pH 7.0) saturated with N2. Washed cells were resuspended in the same buffer (108 cells/ ml), N-methyl-N-nitro-N'-nitrosoguanidine (Aldrich Chemical Co., Inc., Milwaukee, Wis.) (100 ,ug/ml) was added, and the suspension was incubated at 39 C for 30 min. Roll-tube viable counts (11) showed that 75% of the cells were inactivated when incubated for 30 min in citrate buffer alone, and that when N-methyl-N-nitro-N'-nitrosoguanidine was present 99.7% of the survivors of citrate buffer treatment lost viability. The suspension of treated cells was centrifuged anaerobically, and the pellet was resuspended in BM containing 5 mM maltose and 2 mM phloroglucinol. After incubation at 39 C for 18 to 20 h, the cells were recovered by centrifugation, washed once in unsupplemented BM, and incubated for 8 h at 39 C in BM containing 10 mM phloroglucinol, 20% lactose, and 5,000 IU of penicillin G per ml. The lactose, which was not fermented (19) , was added to confer osmotic stability on pencillinweakened wild-type cells that utilized phloroglucinol for growth. After 8 h the suspension was centrifuged, and the cells were resuspended in BM to permit lysis of wild-type cells to occur. Maltose (10 mM) and phloroglucinol (10 mM) were added, and the suspension was incubated at 39 C to encourage growth of mutant cells. When an increase in turbidity was apparent visually, the suspension was diluted with BM and the cells were dispersed on the surface of solid BM containing 10 mM phloroglucinol, 50 /jM maltose, and 2% agar. This agar medium had been dispensed under N2 in 30-ml aliquots into 8-oz (237-ml) flat-sided bottles ("cabinet ovals," Dominion Glass Co., Ltd., Montreal, Quebec, Canada), which were closed with no. 1 rubber stoppers; the medium was hardened with the bottles held horizontally. Inoculated bottles were incubated at 39 C for 4 days. Under these conditions, phloroglucinol-negative mutant cells grew on the maltose to form pinpoint colonies, whereas surviving wildtype cells capable of growth on phloroglucinol produced much larger colonies. With a platinum needle, APPL. ENVIRON. MICROBIOL. pinpoint colonies were inoculated under CO2 into slants of BM containing 5 mM maltose, 10 mM phloroglucinol, and 1.5% agar. After incubation, cultures were tested for their ability to grow in BM containing either maltose (5 mM) or phloroglucinol (10 mM) alone, and strains with the desired phloroglucinol-negative, maltose-positive phenotype were retained for further study.
Biochemical characterization of mutants. Mutant strains were compared to the wild-type strain in a range of biochemical tests with use of methods previously described (19) .
Phloroglucinol fermentations. Mutant and wildtype strains were tested for their capacity to degrade phloroglucinol in anaerobic washed-cell suspensions. Cultures were grown in modified rumen fluid phloroglucinol medium containing maltose (40 mM) and phloroglucinol (20 mM). Cells were harvested by centrifugation under N2 at 12,000 x g for 10 min at 1 to 2 C and washed twice in N2-saturated 0.1 M phosphate buffer (pH 6.5) containing 0.05% Na2S-9H20 and 0.0001% resazurin. They were finally resuspended in the same buffer, phloroglucinol (20 mM) was added, and the suspension was incubated under N2 at 39 C for 24 h. After incubation, qualitative and quantitative analyses of the gas phase in the suspensions were carried out and the aqueous phase, after removal of the cells, was analyzed for VFA and residual phloroglucinol; the methods used for all these analyses have been described (Tsai et al., in press).
RESULTS AND DISCUSSION
Of 80 isolates picked in two mutation experiments, three showed the desired phenotype; they grew well with maltose but consistently failed to grow with 10 mM phloroglucinol. The remaining isolates either grew only slowly in the presence of maltose or reverted to a phloroglucinol-positive phenotype.
Cells of the three mutant strains (designated Pe,5-10, Pe,5-12, and Pe15-19), like those of the wild-type strain (Pe,5) (19), were gram positive, nonmotile, and slightly oval, with a diameter of 0.5 to 1.0 ,um. They were generally arranged singly, in pairs, or in chains of 4 to 10 cells. The mutant strains also gave the same reactions as the wild type in the biochemical tests used. All the strains were obligate anaerobes. They fermented glucose, fructose, mannose, maltose, sucrose, lactate, and pyruvate with acid and gas production, but did not ferment arabinose, galactose, or cellobiose. Neither starch nor casein was hydrolyzed, catalase was not produced, and ammonia was not produced from Trypticase. None of the mutant strains produced indole or H2S, although low levels of these products were obtained in some tests with Pe,5. In other tests, however, the wildtype strain failed to produce indole or H2S, as previously reported (19 indeed derived from strain Pe,5.
Phloroglucinol supported growth of the wildtype strain in modified medium no. 10 but did not support growth of the mutant strains. Like the wild type (Tsai et al., in press), however, the mutants degraded phloroglucinol in anaerobic washed-cell suspensions with the production of VFA and CO2 ( Table 1 ). The nature of the VFA produced from phloroglucinol in these experiments differed from that previously reported for Coprococcus sp., strain Pe,5, grown in 20% rumen fluid medium (Tsai et al., in press) in that small amounts of n-butyrate were produced in addition to acetate. The wild type produces n-butyrate as the sole VFA product of glucose, maltose, and lactate fermentation in rumen fluid medium, but when pyruvate is fermented both acetate and n-butyrate are produced (19) . In the present work, cells were grown with maltose (40 mM) and phloroglucinol (20 mM) since previous work (Tsai et al., in press) had shown that maltose supported a high yield of cells of the wild-type strain. Phloroglucinol was included to ensure induction of enzymes potentially necessary for phloroglucinol transport and metabolism by the cells. Under these conditions, enzymes for n-butyrate production, induced during growth on maltose, were probably present in the washed cells and converted a portion of the acetate expected in the suspensions to n-butyrate. Conversion of acetate to n-butyrate via acetyl-coenzyme A occurs in the metabolism of the mixed rumen microbiota (13) and of several rumen anaerobes (10) , although the specific pathway of n-butyrate production in Coprococcus sp. is not known. 
